Since the demonstration of alkaline phosphatase in extracts of different tissues and of its activity on a multiplicity of substrates (Kay, 1932) , evidence has accumulated for the heterogeneous nature of the enzymes contained in this non-specific group. This has extended from early attempts to find differences in behaviour towards inhibitors (Bodansky, 1937; Cloetens, 1939) to the first reported work on chromatography (Fahey, McCoy, and Goulian, 1958) and starch-block electrophoresis (Keiding, 1959; Rosenberg, 1959) .
With the advent of starch-gel electrophoresis (Smithies, 1955) , the evidence for multiple forms of alkaline phosphatase has grown, and there are several reports of the use of this method for the investigation of raised levels in bone and hepatobiliary disease. The main phosphatase activity migrates with f-globulin (Estborn, 1959) , and the features of this fraction are useful in the distinction between liver and bone disease (Moss, Campbell, Anagnostou-Kakaras, and King, 1961; Hodson, Latner, and Raine, 1962) .
Several authorities have commented on the appearance of additional bands of alkaline phosphatase in disease. Boyer (1961) found 16 such fractions but concluded that they were of no assistance in differential diagnosis. Chiandussi, Greene, and Sherlock (1962) noted an extra band in the haptoglobin region in four out of 11 cases of portal cirrhosis, though they were uncertain of its relation to the disease. Hodson et al. (1962) (Arfors, Beckman, and Lundin, 1963a and b; Beckman, 1964) . These surveys and more recent ones (Bamford, Harris, Luffman, Robson, and Cleghorn, 1965; Shreffler, 1965) have shown that there are genetic factors controlling the manifestation of the slow band of alkaline phosphatase, its appearance being associated with blood groups 0 and B, and the secretion of ABH substances. It was decided to investigate the incidence of this subsidiary band in plasmas with raised alkaline phosphatase levels and to evaluate its diagnostic significance. Inhibitor studies were undertaken in order to investigate its nature, particularly as similar studies in normals have indicated an intestinal origin (Fishman and Kreisher, 1963) .
Throughout this report, the term 'phosphatase' refers to alkaline phosphatase (Delory and King, 1945) .
MATERIAL
Plasma was taken from 50 volunteer normal adults, from 121 patients with a raised alkaline phosphatase level, and from six patients with hypophosphatasia. Some patients with reversible liver damage were followed up and electrophoresis was repeated after the phosphatase had fallen to normal levels.
Extracts of alkaline phosphatase were made from fresh post-mortem normal small intestine, and from intestinal juice obtained by duodenal intubation. These 491 M. A. Newton preparations were extracted by n-butanol (Morton, 1950) 
METHODS
Horizontal starch-gel electrophoresis (Smithies, 1955) was carried out for five to six hours at 4-7 volts/cm. gel, using 0-076M Tris-citrate buffer and a discontinuous buffer system (Poulik, 1957) . Alkaline phosphatase activity was located by incubation at 37°C. with sodium a-l-naphthyl phosphate (0005M), in bicarbonate buffer pH 10 00 (Delory and King, 1945) , in the presence of magnesium chloride (0005M). The liberation of a-lnaphthol was detected by its fluorescence in ultra-violet light, and it was stained by pouring on to the gel a fresh aqueous solution of diazo-o-dianisidine. After about a minute, the preparation was rinsed and fixed by a methanol-acetic-acid-water solution.
Quantitative inhibition of alkaline phosphatase was studied by a variation of the method of King (1951) for the determination of the plasma level. The substances used were 1-phenylalanine (001 M) and sodium taurocholate (0-025M). The inhibitor was dissolved in the routine bicarbonate buffer, and the concentration given is that of the final incubation mixture, obtained after the addition of an equal volume of the substrate solution, containing disodium phenyl phosphate (0 01M). This mixture and a similar mixture, which did not contain inhibitor, were simultaneously warmed to 37°C., together with a control solution for each. To these control solutions was added 1-8 ml. Folin and Ciocolteau reagent. Plasma or extract, 0-2 ml., was added to each of the four tubes, and incubation allowed to proceed for exactly 15 minutes. At its termination, 1-8 ml. Folin and Ciocolteau reagent was added to the test mixtures. The remaining procedure was according to the routine colorimetric method of King. Some of these determinations were done in duplicate, and there was close agreement in the degree of inhibition of a given phosphatase sample. For demonstrating the differential inhibition of alkaline phosphatase on starch gel after electrophoresis, 1-phenylalanine, OlOM, was made up in the incubation mixture, described above for use with gels. The gel was sliced horizontally, and the two halves were simultaneously incubated at 37°C., one with the plain substrate buffer solution and the other with the solution containing inhibitor. At the earliest appearance of fluorescence in ultra-violet light, the incubations were stopped, and the gels stained and fixed.
RESULTS
All the 50 normal subjects had a main phosphatase band in the f-globulin region, but 10 also had a slowmoving band in the haptoglobin region. The slow band was also present in the plasmas of eight out of 18 patients with parenchymal liver disease ( In two patients the slow band was the principal zone of alkaline phosphatase. The first was a patient with hypophosphatasia (M.P., Fig. 1 ). She was an adult with pathological fractures, whose case and family data are reported elsewhere (Bethune and Dent, 1960; Goyer, 1963 Fig. 3 ) had advanced portal cirrhosis (proved histologically). The rest of the alkaline phosphatase in this case appeared as a faster slurred zone without any definite band in the :-globulin region. On follow-up, the phosphatase level had risen from 18 to 29 K.A. units/100 ml., the increase apparently being wholly in the slow band.
The main alkaline phosphatase activity in extracts of intestine and duodenal juice corresponded with that of the plasma slow band (Fig. 3) . When intestinal extract was mixed with plasmas having alkaline phosphatase only in the :-globulin region, the resulting electrophoretic pattern was identical to that of a type 2 plasma (Fig. 2) .
The relative inhibition by 1-phenylalanine of intestinal and intestinal juice phosphatase and rela- therefore significant (P < 0-05). The relative inhibition by 1-phenylalanine of the slow band and of intestinal phosphatase was demonstrated visually, when electrophoretic starch-gel strips were incubated in its presence (Fig. 3) . The faster zones were relatively spared.
DISCUSSION
The finding of the slow band in one fifth of the normal adults agrees well with the figure of 21 2% in the survey of 468 subjects by Beckman (1964) . Only definite slow bands were recorded as being present. Intensity of the band is variable, and arbitrary grading has been suggested (Bamford et al., 1965) . If, in the series of Shreffler (1965) , the groups with equivocal or weak slow bands are excluded, the incidence of this band is 17-5 %. (When they are included, the incidence becomes 55 %.)
The association of the slow band in normals with blood groups 0 and B and the ABH secretor status suggests a genetic determination (Arfors et al., 1963a and b; Beckman, 1964) . The pattern of inheritance is not a simple one (Beckman, 1964) , and would have to depend on more than one gene (Shreffler, 1965) . Beckman showed that there is a much higher incidence in children under the age of 3 years (42 6 %), and Shreffler demonstrated a fluctuation in intensity of the band in the same individual at different times. It therefore seems reasonable to suppose that there are also non-genetic influences governing the appearance of the slow band. This is further suggested by the fact that in cases of disease with raised phosphatase levels, there was a specific distribution instead of being random throughout the groups.
The normal group was the only one in which the incidence of the slow band did not differ significantly from that in parenchymal liver disease, though in a larger survey a difference might well emerge. From analysis of the small groups studied, the important results are the virtual absence of this band in patients with bone disease and with biliary obstruction of all kinds, including that due to hepatic metastases. The presence, or otherwise, of the slow band is thus helpful in the diagnosis of the cause of a raised phosphatase level, especially when combined with observation of the electrophoretic appearance of the other phosphatase fractions (Newton, 1966) . The electrophoretic similarity of the slow band and intestinal phosphatase was well demonstrated in the experiment of mixing intestinal phosphatase with plasma (Fig. 2) . The two preparations containing phosphatase of known intestinal origin showed a significantly increased inhibition by 1-phenylalanine and relative sparing by taurocholate, confirming previous findings (Bodansky, 1937; Fishman, Greene, and Inglis, 1963) . The significant deviation towards this trend of the two type 2 plasmas provided further evidence for the presence of intestinal phosphatase, and its identity with the slow band was confirmed by the visual inhibition studies following electrophoresis. The degree of inhibition in the plasmas of cases 118 and 106 deviated less far outside the prediction intervals than that in the two preparations of intestinal phosphatase. This can be explained by the smaller proportion of intestinal phosphatase contained in the plasmas.
The normal intensity of the slow band in a case of hypophosphatasia suggests that the production of this enzyme by intestine was relatively unimpaired, and is consistent with the theory that the abnormality is essentially confined to osteoid (Fraser, 1957) . The view that the primary defect is in the production of phosphatase in all tissues (Korner, 1962) is not supported by the necropsy findings in a case of hypophosphatasia (McCance, Fairweather, Barrett, and Morrison, 1956) in which a marked decrease in the enzyme content of bone (1-5 K.A. units compared with a normal of 243 K.A. units) contrasted with a barely significant decrease in intestine (210 K.A. units, normal 284 K.A. units) . The phosphatase concentration in other tissues, including liver, was decreased to a similar extent to that in bone. This emphasizes the distinction between phosphatase from intestine, and that from liver or bone, which has already been pointed out in the inhibition studies, and is further demonstrated by their antigenic properties (Boyer, 1963) .
The main phosphatase band in normal human plasma is probably derived from bone (Schlamowitz and Bodansky, 1959; Gutman, 1959) and is excreted into the bile after preliminary storage in the liver (Sherlock and Walshe, 1947; LeVeen, Talbot, Restuccia, and Barberio, 1950) . It has been shown that the principal source of rat plasma phosphatase is intestine (Madsen and Tuba, 1952; Fishman, Greene, and Inglis, 1962) , and it has been suggested, from the results of inhibition experiments, that human plasma also contains intestinal phosphatase (Fishman et al., 1963; Steenson and Evered. 1963) . By combining electrophoresis and 1-phenylalanine inhibition, Fishman and Kreisher (1963) demonstrated that in normal plasma the slow band was intestinal phosphatase. It must be stressed that the intestine is neither the main source of plasma phosphatase nor can it be unequivocally detected in all subjects.
Because of the blood group association, it has been suggested that the slow band is a complex of phosphatase with secretor substance (Arfors et al., 1963b; Beckman, 1964) , but, as the average phos-phatase level is higher in type 2 normals, it seems more likely to be an additional fraction, probably from an independent origin (Bamford et al., 1965) .
Intestinal phosphatase presumably reaches the portal vein directly from the mucosal cells. The genetic and acquired factors which suppress its appearance in the systemic blood may act either by blocking its absorption into the portal blood, or by increasing bile excretion of intestinal phosphatase, so that none escapes into the systemic circulation. Such mechanisms must predominate in the presence of blood group A, in non-secretors and in patients with raised phosphatase levels due to bone disease or hepatobiliary obstruction. When the slow band is seen in parenchymal liver disease, this may sometimes result from unsuppressed genetic factors which favour its appearance, but in three cases, the slow band was not evident after recovery and phosphatase fell to normal levels, suggesting that some acquired factor had been present during the disease, which had encouraged the appearance of intestinal phosphatase in the peripheral blood. A possible explanation may be that liver cell dysfunction permitted shunting of unexcreted intestinal phosphatase from the portal blood, and this may have been further encouraged by a degree of portal hypertension. It is interesting that a patient with cirrhosis who also had portal hypertension was unique in possessing most of his phosphatase in the slow band (case 118, Fig. 3 ). Further studies of such cases and of patients with surgical portal-systemic shunts would be of interest.
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